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A crisis in genomics research: 
reproducibility



Microarray Experiment Reproducibility

• 18  Nat. Genetics microarray gene expression experiments 

• Less than 50% reproducible

• Problems

• missing data 38%

• missing software, hardware details 50% 

• missing method, processing details 66%

Ioannidis, J.P.A. et al. Repeatability of published microarray gene expression analyses. Nat Genet 41, 
149-155 (2009)



NGS Resequencing Experiment Reproducibility

• 14 resequencing experiments in Nat. Genetics, Nature, and Science 
2010

• 0% reproducible?

• Problems

• limited access to primary data 50% 

• some or all tools unavailable 50%

• settings & versions not provided 100%



Galaxy: accessible analysis system



What is Galaxy?

• A free for everyone web service integrating a wealth of tools, 
compute resources, terabytes of reference data and permanent 
storage

• Open source software that makes integrating your own tools and 
data and customizing for your own site simple



Integrating existing tools into a uniform framework

• Defined in terms of an abstract 
interface inputs and outputs 

• In practice, mostly command 
line tools, a declarative XML 
description of the interface, 
how to generate a command 
line

• Designed to be as easy as possible 
for tool authors, while still 
allowing rigorous reasoning



Galaxy analysis interface

• Consistent tool user interfaces 
automatically generated

• History system facilitates and 
tracks multistep analyses



Automatically tracks every step of every analysis



As well as user-generated metadata and annotation...



Galaxy workflow system 

• Workflows can be constructed 
from scratch or extracted from 
existing analysis histories

• Facilitate reuse, as well as 
providing precise reproducibility 
of a complex analysis



Everything can be shared and published



Sharing and publishing

• All analysis components 
datasets, histories, workflows 
can be shared among Galaxy 
users and published

• Pages and annotation allow 
analaysis to be augmented with 
textual content and provided in 
the form of an integrated 
document
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Making Galaxy your own



Building local Galaxy instances

• Galaxy is designed for local installation and customization

• Just download and run, completely selfcontained

• Easily integrate new tools

• Easy to deploy and manage on nearly any unix system

• Run jobs on existing compute clusters



• Move intensive processing tool execution to 
other hosts

• Frees up the application server to serve requests 
and manage jobs

• Utilize existing resources

• Supports any scheduler that supports DRMAA 
most of them

• It's easy

• But, requires an existing computational resource 
on which to be deployed

Scale up on your cluster



Cloud computing / Infrastructure virtualization

• Computing using resources acquired on demand

• Virtual infrastructure allows for potential economies of scale, and 
definite improvements to management automation

• Cloudstyle deployment provides a solution both for users without 
dedicated compute resources, and for simplifying deployment and 
management



Using Amazon EC2: Startup in 3 steps







Can use like any other Galaxy instance, with additional compute 
nodes acquired and released (automatically) in response to usage



Analyzing high throughput sequence data with Galaxy

• The Galaxy framework is generic, supporting a new type of analysis is 
as simple as integrating tools

• Galaxy is well suited to largescale analysis

• Allows tools to work with data in native, efficient formats

• Integrates easily with cluster computing resources



http://usegalaxy.org/heteroplasmy
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some Galaxy tools for sequence data analysis



Example: Workflow for differential expression analysis of RNA-seq using Tophat/Cufflinks tools



Community of tool developers









Data management









Sample Tracking



Lab: Sequencing Request Tracking



Customers add samples, cand define library to deposit in and/or workflows to runLab: Sequencing Request Tracking



Simple data management: manual transfer to Galaxy Data LibrariesLab: Sequencing Request Tracking



Visualization
beta



Integration with existing popular browsers, including mirrors and local browsers



Visualizing aligned reads in trackster



Visualization integrated with tools: visual analytics in trackster



Develop and deploy:

http://getgalaxy.org

Try it now:
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